Introduction
============

Hepatocellular carcinoma (HCC) is the sixth most common cancer worldwide and the third leading cause of cancer-related death [@B1], [@B2]. Liver resection is a potentially curative treatment. However, the 5-year recurrence rate after resection is up to 70% [@B3]. Due to the high recurrence rate, long-term prognosis after curative resection remains unsatisfactory, and the 5-year overall survival (OS) rate after liver resection is 40-50% [@B4], [@B5]. Therefore, an appropriate treatment for recurrent HCC (rHCC) after liver resection is the key to improving survival. Repeat liver resection is superior to TACE and remains the first choice for resectable rHCC, with a 5-year survival rate of 19.4-56% [@B4], [@B6], [@B7]. Generally, the rate of repeat liver resection is 10.4% to 31% [@B4], [@B8]-[@B10].

Transcatheter arterial chemoembolization (TACE) is a common treatment for unresectable HCC in which tumor ischemic necrosis is induced through arterial injection of chemotherapeutic drugs and embolizing agents. For patients with resectable primary HCC, preoperative TACE has been shown to offer no benefit and even be associated with worse survival, longer operating time and a higher incidence of extrahepatic tumors in patients with incomplete or no tumor necrosis after preoperative TACE[@B3], [@B11]. In clinical practice, TACE prior to attempted resection for rHCC is used with the hope that it may improve long-term outcome by reducing the viability of tumor cells or decreasing the size of a previously unresectable recurrence. However, there is no study that assesses the value of preoperative TACE for rHCC [@B12]-[@B16]. We aimed to explore the value of TACE prior to liver resection for patients with rHCC after initial resection for HCC.

Materials and Methods
=====================

Patients
--------

From January 2001 to December 2014, 152 patients with rHCC received repeated liver resection at our center. Among them, 33 patients with rHCC received preoperative TACE and repeated liver resection (TACE-LR) and 119 patients with rHCC received repeated liver resection alone (LR). The following inclusion criteria were used: (1) Curative (R0) hepatic resection for both primary and recurrent HCC as described in previous study [@B17]; (2) no extrahepatic metastasis; (3) preoperative liver function of Child-Pugh class A; (4) preoperative TACE and repeated liver resection or repeated liver resection alone as the initial treatment for recurrence; (5) all HCCs were confirmed by histological examination. The study was approved by the institutional ethics committee of our center. Written informed consent was obtained.

Diagnosis and Treatment of HCC
------------------------------

The preoperative diagnosis of primary and recurrent HCC was based on clinical criteria from the AASLD [@B3]. Histopathological criteria were used to confirm HCC diagnoses after resection. In our center, TACE was performed before repeated liver resection for rHCC in the following situations: (1) Patients with potential intrahepatic metastases (8 cases); (2) to downgrade tumors for curative liver resection (6 cases); (3) insufficient liver function for immediate surgery (10 cases); (4) hoping to improve long-term outcome (9 cases).

TACE and resection procedure
----------------------------

TACE was performed by interventional radiologists who had more than eight years of experience in interventional therapy at the start of the study. We performed TACE using the Seldinger technique. Under local anesthesia, a catheter was introduced into the proper hepatic artery through the femoral artery. Hepatic angiography was performed to obtain information on the tumor size, number, location, and arterial supply and confirm the patency of the portal vein. Then the chemotherapeutic agents, including carboplatin 300mg, epirubicin 50mg and mitomycin C 6mg with an appropriate amount of iodized oil according to the tumor size and number, were injected into the arterial branches. The injection was continued until stasis was confirmed in the feeding artery. The effects of TACE were evaluated based on the comparison of CT/MRI scans before and after TACE. Changes in tumor size after TACE were recorded as enlargement, stationary, \<50% shrinkage, and ≥50% shrinkage.

The surgeons performing resection had 16-22 years of experience in liver surgery. The surgical plan was developed based on tumor extent and liver function. Preferable anatomical resection was performed. We applied Pringle\'s maneuver with cycles of clamping and unclamping times of 10 minutes and 5 minutes, respectively, and lowered central venous pressure to 2-4 mmHg during parenchyma dissection to control intraoperative bleeding.

Follow-up
---------

Postoperative complications were observed for 90 days after the operation and graded using the Clavien-Dindo system [@B18]. The results were reviewed independently by two of the authors, and any disagreement was resolved by consensus. All patients received routine follow-up. The follow-up recurrence examination after the liver resection included a serum alpha-fetoprotein (AFP) test, a liver function test and abdominal enhanced imaging including CT or MRI. The follow-up visits were performed once every 3-6 months during the first two years and every 6-12 months thereafter. The primary endpoint of this study was OS rate, the secondary endpoint was disease-free survival (DFS) rate, and the tertiary endpoints included side effects of the operation, operating time and blood loss. We defined OS time as the interval between the time recurrent HCC was diagnosed after initial liver resection and the time of death or the last follow-up, and DFS time was defined as the interval between the time recurrent HCC was diagnosed after initial liver resection and the time subsequent tumor recurrence was found. This study was censored on January 1, 2016.

Statistical Analysis
--------------------

Propensity score matching (PSM) analysis was used to reduce the bias of treatment selection [@B19]. We performed PSM via logistic regression to estimate a propensity score for each patient. The following covariates entered the model: etiology, primary tumor differentiation, presence or absence of microvascular invasion of primary tumors, recurrent tumor number and interval between initial resection and recurrence. We matched 28 patients in the TACE-LR group with 50 patients in the LR group using the one-to-two nearest neighbor matching algorithm without replacement (caliper = 0.2). For all patients and matched patients, continuous variables between the two treatment groups were compared using Student\'s t-test or the Mann-Whitney U-test; binary and ordinal categorical variables were compared using the chi-square test and Kruskal-Wallis test, respectively. OS and DFS curves were constructed using the Kaplan-Meier method and compared using the log-rank test. Prognostic factors for OS and DFS were assessed using the Cox proportional hazards model in a stepwise manner (probability for stepwise: Entry 0.05, Removal 0.10). The proportional hazards assumption was verified by the Schoenfeld residuals tests and checked by graphical diagnostics. All statistical analyses were performed using SPSS 20.0 (IBM, Armonk, NY, USA) and PSM for SPSS, version 3.02. For all statistical tests, P \< 0.05 was considered statistically significant. All P value calculations were two-sided tests. Key raw data in our study have been uploaded onto the Research Data Deposit public platform ([www.researchdata.org.cn](http://www.researchdata.org.cn)) with the approval number as RDDA2018000548.

Results
=======

The Effects of TACE
-------------------

In the TACE-LR group, preoperative TACE was performed once in 29 patients, twice in 3 patients and three times in 1 patient. The mean time from the preoperative TACE to liver resection was 67 days. After TACE, tumors shrunk in 23 patients (\<50% shrinkage, 11; ≥50% shrinkage, 12), unchanged in 7 patients and enlarged in 3 patients.

Results before PSM
------------------

The clinicopathologic features of patients in these two groups are summarized in Table [1](#T1){ref-type="table"}. The median follow-up times were 28.3 months in the TACE-LR group and 34.3 months in the LR group. Patients in the TACE-LR group were associated with more multiple recurrent HCC and a shorter interval between initial resection and recurrence when compared with that of patients in the LR group (both P \<0.05). There was no significant difference between the two groups in size of the primary and recurrent tumors, AFP level or prothrombin time (PT). The surgical characteristics and postoperative complications of the two groups are shown in Table [2](#T2){ref-type="table"}. The TACE-LR group had more intraoperative blood loss and greater extent of resection than the LR group (P = 0.017 and P = 0.023, respectively). Both groups showed similar postoperative complication rates and similar operating time. The 1-, 3-, and 5-year OS rates were 92.9%, 71.1%, and 63.2%, respectively, for the LR group and 87.9%, 58.2%, and 58.2% for the TACE-LR group. Univariable analyses revealed that gender (P = 0.011; hazard ratio \[HR\] = 2.362; 95% CI = 1.216, 4.590), recurrent tumor size (P = 0.047; HR = 1.118; 95% CI = 1.001, 1.247), primary tumor differentiation (P = 0.029; HR = 1.813; 95% CI = 1.063, 3.090) and interval between initial resection and recurrence (P = 0.012; HR = 0.982; 95% CI = 0.969, 0.996) were associated with OS rates. The Cox proportional hazards model revealed that the independent predictive factors for OS were recurrent tumor size (P = 0.004; HR = 1.177; 95% CI = 1.052, 1.316) and interval between initial resection and recurrence (P = 0.007; HR = 0.980; 95% CI = 0.966, 0.995) (Table [3](#T3){ref-type="table"}). However, preoperative TACE was not associated with OS rates. The 1-, 3-, and 5-year DFS rates were 70.7%, 37.1%, and 28.0%, respectively, for the LR group and 75.2%, 28.5%, and 28.5% for the TACE-LR group. Univariable analyses revealed that age (P = 0.048; HR = 0.983; 95% CI = 0.966, 1.000), gender (P = 0.038; HR = 1.831; 95% CI = 1.035, 3.239), recurrent tumor number (P = 0.020; HR = 1.680; 95% CI = 1.085, 2.601) and primary tumor differentiation (P = 0.005; HR = 1.767; 95% CI = 1.183, 2.639) were important factors for DFS rates. The Cox proportional hazards model demonstrated that the independent predictive factor for DFS was primary tumor differentiation (P = 0.035; HR = 1.567; 95% CI = 1.033, 2.378) (Table [4](#T4){ref-type="table"}). However, preoperative TACE was not shown to also influence DFS rates. Neither the DFS nor OS rate was significantly different between the two groups (P = 0.809 and P = 0.870, respectively Fig [1](#F1){ref-type="fig"} A&B).

Results after PSM
-----------------

PSM analysis was performed to reduce the bias of covariates between these two groups (Figure [S1](#SM0){ref-type="supplementary-material"}). After matching, patients in both groups had similar clinicopathologic features (Table [1](#T1){ref-type="table"}). A total of 50 of the 119 patients in the LR group and 28 of the 33 patients in the TACE-LR group were matched for further analyses. The TACE-LR group had significantly more intraoperative blood loss and longer operating time than the LR group (P = 0.018 and P = 0.047, respectively) (Table [2](#T2){ref-type="table"}). The type of resection was similar between the two groups (P = 0.607). The overall complication rate was 12.0% in the LR group, which was not significantly different from the 21.4% rate observed in the TACE-LR group (P = 0.435). No treatment-related deaths were observed in either group.

The 1-, 3-, and 5-year OS rates were 93.8%, 68.0%, and 61.9%, respectively, in the LR group and 85.7%, 60.6%, and 60.6% in the TACE-LR group. The 1-, 3-, and 5-year DFS rates were 63.1%, 26.6%, and 18.7%, respectively, in the LR group and 70.6%, 37.2%, and 37.2% in the TACE-LR group. Both groups had similar DFS and OS rates. (P = 0.407 and P = 0.791, respectively) (Fig [1](#F1){ref-type="fig"} C&D). The Cox proportional hazards model revealed that the independent predictive factors for OS were primary tumor differentiation (P = 0.040; HR = 2.198; 95% CI = 1.038, 4.651) and interval between initial resection and recurrence (P = 0.044; HR = 0.975; 95% CI = 0.951, 0.999). The Cox proportional hazards model demonstrated that the independent predictive factors for DFS was primary tumor differentiation (P = 0.012; HR = 2.025; 95% CI = 1.171, 3.505). (Table [S1](#SM0){ref-type="supplementary-material"}&S2) Preoperative TACE was not shown to influence OS and DFS rates after matching.

Subsequent Tumor Recurrence and Treatment
-----------------------------------------

During the follow-up period after hepatectomy for recurrent tumors, there were 22 and 80 subsequent recurrent cases in the TACE-LR group and the LR group, respectively. Treatments for subsequent recurrence in the TACE-LR group were TACE (12 patients), liver resection (4 patients), ablation (5 patients) and supportive treatment (1 patient). Treatments for subsequent recurrence in the LR group included TACE (43 patients), liver resection (17 patients), ablation (15 patients), sorafenib (2 patients) and supportive treatment (3 patients).

Discussion
==========

Recurrence of HCC is recognized as an important prognostic factor for patients after curative liver resection for HCC. Therefore, treatment of recurrent HCC is the key to improving survival. Repeat hepatectomy is the most accepted treatment for recurrent HCC [@B4], [@B6]. A recent study also found that resection is superior to TACE for recurrent HCC after initial resection [@B7].

Although TACE was initially established as a palliative treatment for unresectable HCC [@B20]. In recent years, it has also been performed preoperatively on patients with resectable HCC. The main purposes of preoperative TACE were to improve the detection rate of latent intrahepatic metastatic foci; to increase the resectability rate of HCCs by down-staging tumors that are either initially borderline resectable or unresectable; to provide sufficient time for therapy in cases of damaged liver function; and finally, to improve OS and DFS rates after curative resection [@B20], [@B21]. However, for patients with resectable primary HCC, preoperative TACE is proven to be associated with worse survival, longer operating time and higher rates of extrahepatic tumors. Thus, TACE prior to resection for primary HCC offers no benefit and is not recommended by AASLD [@B3], [@B22]. However, for patients with resectable recurrent HCC, there is no study to evaluate the value of preoperative TACE. In this study, we compared the effects of TACE followed by liver resection with those of liver resection alone in the treatment of resectable recurrent HCC by using PSM analysis.

In our study, we found longer operating time and more intraoperative blood loss in the TACE-LR group than the LR group. This result is similar to previous studies on the effect of TACE prior to liver resection for patients with primary HCC. These studies have shown that preoperative TACE increases difficulty in hepatic parenchyma dissection due to inflammatory pedicles, perihepatic adhesions, or arterial thrombosis caused by TACE, which result in longer operating time and more intraoperative bleeding [@B23], [@B24]. The difficulty of repeated live resection for recurrent HCC is significantly increased due to postoperative inflammatory reaction and perihepatic adhesions after initial resection for primary HCC. Additional TACE prior to repeated resection will aggravate these issues. As a result, preoperative TACE for recurrent HCC should be performed prudently due to increased surgical difficulty and risk. Moreover, postoperative complications should also be considered before making the decision regarding recurrence treatment. We found no significant difference in the postoperative complications after repeated liver resection for recurrent HCC between two groups. This finding is in line with previous research on the postoperative results in patients with primary HCC [@B16].

Other than short-term outcomes, the DFS and OS should be considered when making a treatment choice. In our study, no significant differences were observed between these two groups in DFS and OS rates. In multivariable analyses, preoperative TACE was not a prognostic factor for DFS and OS. Prognostic factors were recurrent tumor number, primary tumor differentiation, recurrent tumor size, and the interval between initial resection and recurrence, which suggests that the role of primary and recurrent tumor characteristics are more important than treatment modality. Previous studies presented similar results in patients with resectable primary HCC, showing that preoperative TACE did not improve the DFS or OS [@B22], [@B25]. They suggested that preoperative TACE should only be performed in patients with borderline resectability to make it possible to perform curative resection.

Several studies on primary HCC showed that preoperative TACE reduced tumor recurrence and improved survival rate in patients with large tumors [@B21], [@B26], advanced HCC [@B27], and severe liver dysfunction [@B28]. In our study, compared with patients in the LR group, patients in the TACE-LR group were associated with a larger proportion of multiple recurrent HCC and a shorter interval between initial resection and recurrence. This finding suggests that healthcare providers tend to perform TACE prior to repeated resection on patients with aggressive recurrence such as early, large and multiple recurrent tumors. To better compare the long-term outcome of preoperative TACE, we used PSM to adjust potential confounding factors and to reduce the bias of treatment selection between the two groups. Still, we found that preoperative TACE does not benefit patients with recurrent HCC after repeated live resection.

To our knowledge, there is a lack of data on the role of TACE prior to repeated resection for recurrent HCC after liver resection. Therefore, the results of our study, which were obtained in matched patients with similar clinical characteristics between the TACE-LR and LR groups, can provide valuable information in guiding the management of resectable recurrent HCC after liver resection.

Our study has several limitations. First, this is a single-center retrospective study with a relatively small number of patients. Thus, multi-center studies will be necessary to validate our conclusions. In addition, more than 90% of the included HCCs were caused by HBV infection. Therefore, it may be difficult to generalize our results to those of HCCs caused by HCV infection or alcohol use.

Conclusions
===========

In conclusion, preoperative TACE for resectable recurrent HCC prolongs operating time and increases intraoperative blood loss without improving the DFS and OS; thus, it should not be recommended as a routine procedure before repeated resection for patients with recurrent HCC.
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###### 

Preoperative Clinical Characteristics of Patients Before and After PSM

  ----------------------------------------------------------- ------------------------ ------------------------ -------
  Parameter                                                   Before Matching                                   
  LR Group (n=119)                                            TACE-LR Group (n=33)     SMD                      
  Age (y)                                                     49.00 \[43.50, 57.00\]   50.00 \[42.00, 60.00\]   0.14
  Gender (M/F)                                                109/10 (91.6/8.4)        26/7 (78.8/21.2)         0.367
  Liver cirrhosis (no/yes)                                    47/72 (39.5/60.5)        11/22 (33.3/66.7)        0.128
  Etiology (Non-hepatitis/ HBV & HCV)                         9/110 (7.6/92.4)         1/32 (3.0/97.0)          0.203
  Total bilirubin level (μmol/L)                              13.40 \[9.86, 16.50\]    13.10 \[9.50, 17.00\]    0.044
  Albumin level (g/L)                                         42.40 \[40.40, 44.90\]   42.60 \[40.30, 44.40\]   0.147
  PT (s)                                                      12.05 \[11.50, 12.80\]   12.30 \[11.20, 13.70\]   0.156
  Child-Pugh score (6/5)                                      10/109 (8.4/91.6)        2/31 (6.1/93.9)          0.167
  ALT level (U/L)                                             30.10 \[22.25, 43.20\]   37.00 \[24.10, 48.80\]   0.333
  AFP level (≤400 / \> 400ng/mL)                              96/23 (80.7/19.3)        28/5 (84.8/15.2)         0.111
  Primary tumor number (1/\>1)                                96/23 (80.7/19.3)        26/7 (78.8/21.2)         0.047
  Primary tumor size (cm)                                     5.00 \[3.50, 8.00\]      4.90 \[3.00, 6.50\]      0.176
  Microvascular invasion of primary tumor (no/yes)            109/10 (91.6/8.4)        32/1 (97.0/3.0)          0.233
  Primary tumor differentiation (poor/moderate & well)        84/35 (70.6/29.4)        18/15 (54.5/45.5)        0.336
  Recurrent tumor size (cm)                                   3.00 \[2.50, 4.50\]      3.00 \[2.30, 5.00\]      0.081
  Recurrent tumor number (1/\>1)                              98/21 (82.4/17.6)        18/15 (54.5/45.5)        0.627
  Interval between initial resection and recurrence (month)   27.14 \[14.44, 47.29\]   20.11 \[10.35, 31.41\]   0.287
  Parameter                                                   After Matching                                    
  LR Group (n=50)                                             TACE-LR Group (n=28)     SMD                      
  Age (y)                                                     51.00 \[38.75, 57.00\]   47.00 \[41.25, 61.25\]   0.045
  Gender (M/F)                                                44/6 (88.0/12.0)         21/7 (75.0/25.0)         0.34
  Liver cirrhosis (no/yes)                                    19/31 (38.0/62.0)        10/18 (35.7/64.3)        0.047
  Etiology (Non-hepatitis/ HBV & HCV)                         5/45 (10.0/90.0)         1/27 (3.6/96.4)          0.258
  Total bilirubin level (μmol/L)                              13.50 \[10.95, 15.97\]   12.30 \[9.32, 16.85\]    0.077
  Albumin level (g/L)                                         42.45 \[40.42, 44.98\]   43.20 \[40.30, 44.73\]   0.091
  PT (s)                                                      12.20 \[11.60, 13.45\]   11.50 \[11.07, 13.15\]   0.154
  Child-Pugh score (6/5)                                      6/44 (12.0/88.0)         2/31 (7.1/92.9)          0.185
  ALT level (U/L)                                             28.20 \[18.62, 37.83\]   36.50 \[22.70, 43.25\]   0.341
  AFP level (≤400 / \> 400ng/mL)                              40/10 (80.0/20.0)        24/4 (85.7/14.3)         0.152
  Primary tumor number (1/\>1)                                39/11 (78.0/22.0)        22/6 (78.6/21.4)         0.014
  Primary tumor size (cm)                                     5.75 \[4.00, 8.00\]      4.85 \[3.00, 6.50\]      0.288
  Microvascular invasion of primary tumor (no/yes)            48/2 (96.0/4.0)          27/1 (96.4/3.6)          0.022
  Primary tumor differentiation (poor/ moderate & well)       28/22 (56.0/44.0)        17/11 (60.7/39.3)        0.096
  Recurrent tumor size (cm)                                   3.00 \[2.50, 4.38\]      3.00 \[2.27, 4.25\]      0.085
  Recurrent tumor number (1/\>1)                              33/17 (66.0/34.0)        18/10 (64.3/35.7)        0.036
  Interval between initial resection and recurrence (month)   24.02 \[12.39, 40.44\]   22.49 \[9.14, 31.31\]    0.08
  ----------------------------------------------------------- ------------------------ ------------------------ -------

Values are presented as the median (IQR) or n (%).

SMD, standardized mean difference; HBV, hepatitis B virus; HCV, hepatitis C virus; PT, prothrombin time; ALT, alanine aminotransferase; AFP, alpha-fetoprotein.

###### 

Comparison of Perioperative Characteristics Between Groups Before and After Matching

  Variable                           Before Matching                                 After Matching                                           
  ---------------------------------- ------------------- ------------------- ------- ---------------- ------------------- ------------------- -------
  Operating time (minute)            216.5±99.2          184.3±57.7          0.155                    217.1±103.4         177.6±46.8          0.047
  Blood loss (ml)                    630.3±882.0         350.8±385.8         0.017                    623.7±802.3         305.2±198.6         0.018
  Hepatic portal blocking (no/yes)   17/16 (51.5/48.5)   83/36 (69.7/30.3)   0.051                    15/13 (53.6/46.4)   34/16 (68.0/32.0)   0.206
  Type of resection                                                          0.023                                                            0.607
  \<1 segmentectomy                  12 (36.4%)          60 (50.4%)                                   12 (42.9%)          23 (46.0%)          
  1-2 segmentectomy                  12 (36.4%)          48 (40.3%)                                   11 (39.3%)          22 (44.0%)          
  \>2 segmentectomy                  9 (27.3%)           11 (9.2%)                                    5 (17.9%)           5 (10.0%)           
  Complication                       7 (21.2%)           9 (7.6%)            0.052                    6 (21.4%)           6 (12.0%)           0.435
  Grade 1                            4 (12.1%)           4 (3.4%)                                     3 (10.7%)           3 (6.0%)            
  Grade 2                            2 (6.1%)            4 (3.4%)                                     2 (7.1%)            2 (4.0%)            
  Grade 3                            0 (0.0%)            1 (0.8%)                                     0 (0.0%)            1 (2.0%)            
  Grade 4                            1 (3.0%)            0 (0.0%)                                     1 (3.6%)            0 (0.0%)            
  Grade 5                            0 (0.0%)            0 (0.0%)                                     0 (0.0%)            0 (0.0%)            

###### 

Univariable and Multivariable Analysis of Predictors for OS

  Variable                                                    Univariable Analysis                   Multivariable Analysis                              
  ----------------------------------------------------------- ---------------------- --------------- ------------------------ -- ------- --------------- -------
  Pre-operative TACE (no/yes)                                 0.946                  0.487 - 1.839   0.870                       0.631   0.311 - 1.281   0.203
  Age (y)                                                     0.997                  0.975 - 1.019   0.763                                               
  Gender (M/F)                                                2.362                  1.216 - 4.590   0.011                       1.870   0.920 - 3.799   0.084
  Liver cirrhosis (no/yes)                                    1.366                  0.771 - 2.421   0.285                                               
  Etiology (Non-hepatitis/HBV & HCV)                          0.612                  0.261 - 1.434   0.258                                               
  Total bilirubin level (μmol/L)                              1.033                  0.975 - 1.093   0.270                                               
  Albumin level (g/L)                                         0.997                  0.926 - 1.073   0.938                                               
  PT (s)                                                      1.171                  0.999 - 1.373   0.052                                               
  Child-Pugh score (6/5)                                      1.17                   0.465 - 2.950   0.738                                               
  ALT level (U/L)                                             1.002                  0.992 - 1.013   0.652                                               
  AFP level (≤400 / \> 400ng/mL)                              1.347                  0.710 - 2.557   0.362                                               
  Primary tumor number (1/\>1)                                0.841                  0.424 - 1.670   0.621                                               
  Primary tumor size (cm)                                     1.026                  0.945 - 1.115   0.537                                               
  Microvascular invasion of primary tumor (no/yes)            1.093                  0.393 - 3.042   0.865                                               
  Primary tumor differentiation (moderate & well/poor)        1.813                  1.063 - 3.090   0.029                       1.740   0.993 - 3.051   0.053
  Recurrent tumor size (cm)                                   1.118                  1.001 - 1.247   0.047                       1.177   1.052 - 1.316   0.004
  Recurrent tumor number (1/\>1)                              1.210                  0.659 - 2.224   0.539                                               
  Interval between initial resection and recurrence (month)   0.982                  0.969 - 0.996   0.012                       0.980   0.966 - 0.995   0.007

TACE, transcatheter arterial chemoembolization; HBV, hepatitis B virus; HCV, hepatitis C virus; PT, prothrombin time; ALT, alanine aminotransferase; AFP, alpha-fetoprotein.

###### 

Univariable and Multivariable Analysis of Predictors for DFS

  Variable                                                    Univariable Analysis                   Multivariable Analysis                              
  ----------------------------------------------------------- ---------------------- --------------- ------------------------ -- ------- --------------- -------
  Pre-operative TACE (no/yes)                                 1.060                  0.660 - 1.704   0.809                       0.865   0.525 - 1.426   0.570
  Age (y)                                                     0.983                  0.966 - 1.000   0.048                       0.989   0.971 - 1.007   0.218
  Gender (M/F)                                                1.831                  1.035 - 3.239   0.038                       1.540   0.847 - 2.799   0.157
  Liver cirrhosis (no/yes)                                    1.357                  0.887 - 2.074   0.159                                               
  Etiology (Non-hepatitis/HBV & HCV)                          0.835                  0.387 - 1.802   0.646                                               
  Total bilirubin level (μmol/L)                              1.007                  0.965 - 1.051   0.748                                               
  Albumin level (g/L)                                         0.987                  0.932 - 1.045   0.657                                               
  PT (s)                                                      1.119                  0.987 - 1.270   0.079                                               
  Child-Pugh score (6/5)                                      0.580                  0.137 -2.450    0.459                                               
  ALT level (U/L)                                             0.997                  0.989 - 1.005   0.423                                               
  AFP level (≤400 / \> 400ng/mL)                              1.332                  0.805 - 2.203   0.264                                               
  Primary tumor number (1/\>1)                                0.821                  0.503 - 1.343   0.433                                               
  Primary tumor size (cm)                                     0.986                  0.927 - 1.049   0.659                                               
  Microvascular invasion of primary tumor (no/yes)            1.185                  0.548 - 2.561   0.666                                               
  Primary tumor differentiation (moderate & well/poor)        1.767                  1.183 - 2.639   0.005                       1.567   1.033 - 2.378   0.035
  Recurrent tumor size (cm)                                   1.045                  0.960 - 1.137   0.311                                               
  Recurrent tumor number (1/\>1)                              1.680                  1.085 - 2.601   0.020                       1.553   0.980 - 2.460   0.061
  Interval between initial resection and recurrence (month)   0.995                  0.987 - 1.002   0.172                                               

TACE, transcatheter arterial chemoembolization; HBV, hepatitis B virus; HCV, hepatitis C virus; PT, prothrombin time; ALT, alanine aminotransferase; AFP, alpha-fetoprotein.
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